Introduction: Several studies have demonstrated the benefits of having a regular care provider on the control of chronic diseases. Our study intends to clarify the effects of the transition to a new diabetologist on metabolic control in type 2 diabetes patients followed-up in a tertiary care setting. Material and Methods: Retrospective study performed in an endocrinology outpatient clinic. We randomly selected 50 type 2 diabetes patients for a control group and 50 for a study group. In the study group, we registered the last evaluation before the physician change (year 0) and at the end of each year (year 1, 2 and 3) with the new doctor. Evaluated variables -body mass index, blood pressure, HbA1c and lipid profile -were compared yearly between groups. Results: There was a decrease in mean HbA1c levels (0.4% -0.5%, p < 0.05) in year 1 and 2 when compared to year 0 in the study group, but not in the control group. This reduction was superior (0.5% -1.4%, p < 0.05) in patients whose baseline HbA1c was greater than 7%. The other studied variables did not vary significantly throughout follow-up in either group. Discussion: In our study the transition to a different type 2 diabetes physician was associated with a decrease in mean HbA1c and this difference was greater in less well controlled patients. Conclusion: Switching to a new physician may not be harmful and may actually have benefits for the glycemic control of some type 2 diabetes patients.
INTRODUCTION
Type 2 diabetes (T2D) is a highly prevalent chronic disease associated with an increased cardiovascular risk. Adequate risk factor control such as blood glucose, low-density lipoprotein cholesterol (cLDL), blood pressure (BP) and weight is important in order to prevent various disease complications, being therefore recommended by several international clinical practice guidelines. [1] [2] [3] [4] While recent technological advances have contributed greatly to a better pathophysiological disease knowledge, the impact of the human aspect of medical care and the importance of the doctor-patient relationship are still poorly understood. Several studies have suggested that continuity of care, defined as follow-up by the same health care provider for a period of time, can have a positive impact on the control of various chronic diseases such as asthma and hypertension, besides increasing patient satisfaction. [5] [6] [7] [8] A recent systematic review (including specialist and generalist clinicians) also found continuity of care to be associated with lower mortality. 9 Regarding T2D, most available studies were carried out in the primary care setting and results diverge. Some studies suggest that maintaining a regular provider offers various benefits such as -more adequate monitoring and disease complication screening; improved medication adherence; better glycemic control and decreased mortality and hospitalization rates -while others show similar results in patients with no steady provider. 6, [10] [11] [12] [13] [14] In theory, the development of a long-term relationship between physician and patient should lead to a better understanding and communication. Nevertheless, in clinical practice, one could argue that changing to a different provider could sometimes have a beneficial effect due to the introduction of different approaches and perhaps increase in patient motivation, at least for a certain period of time. There is little data on whether physician continuity is superior to care site continuity by itself, although a study using data from the Third National Health and Nutrition Examination Survey database suggested that having a usual provider was not superior to just having a usual site of care. 11 To the best of our knowledge there is no published data regarding T2D patients who transitioned from one care provider to another in the same care site. Our work aims to clarify the effects on the control of diabetes (and its associated conditions) of transitioning from an established regular diabetes care provider (an Endocrinology physician) to a new one in a sample of adult patients with T2D in a tertiary care setting.
MATERIAL AND METHODS
We performed a retrospective, observational study including patients followed-up in the Endocrinology department outpatient clinic of a Lisbon Central University Hospital because of T2D for at least five years with the same physician. We compared patients who, after this initial time period, changed their regular physician (study group) with patients who did not (control group).
For the study group (SG) we randomly selected 50 patients who transitioned to a different physician in the same department (all of them because the initial doctor left the department, due to various reasons) between 2012 and 2016. Patients included in the control group (CG) (n = 50) were randomly selected from a pool of patients (followed by one of three clinicians -selected because they had complete recorded data) who did not change their regular diabetes physician between 2012 and 2016. Baseline evaluation was established as year 0 -the year before changing physician in the SG or equivalent in the CG -and this was between 2011 and 2014 in both groups. For patients in the CG, we assigned the year to be considered year 0 in order to match the number of civil years seen in the SG as year 0 -2011: 17 patients; 2013: 7 patients; 2014: 26 patients, in either group.
Complete clinical, demographic and laboratory data available from all patients was reviewed and the diagnosis of T2D was confirmed (according to the criteria of America Diabetes Association) in each case. 3 Additionally, other diagnoses were sought: hypertension (patients on antihypertensive medication or with at least two sitting blood pressure measurements in at least two appointments above 140/90 mmHg), dyslipidemia (patients treated with antidyslipidemic medication, total cholesterol above the laboratory reference range (200 mg/dL) or LDL-cholesterol above treatment targets), microvascular diabetic complication (presence of at least one of the following: diabetic retinopathy, diabetic nephropathy or diabetic neuropathy -as coded by the physician) and macrovascular diabetic complication (presence of at least one of the following: peripheral artery disease; coronary artery disease or cerebrovascular disease -as coded by the physician). 15 Patients were also characterized in the first assessed appointment according to their age and diabetes duration.
Evaluated parameters in each appointment included: body mass index (BMI -body mass in kilograms divided by the square of the body height in meters); sitting blood pressure (as measured in mmHg in the physician office); number of antidiabetic, antihypertensive and antidyslipydemic drugs; number of daily insulin administrations and total daily dose (as reported by the patient); estimated glomerular filtration rate (eGFR) (according to CKD-EPI formula); fasting lipid profile [LDL cholesterol (cLDL), as calculated by the Friedewald formula] and HbA1c (as measured by the hospital laboratory). 16, 17 We evaluated these different variables at the last appointment before the physician change or equivalent in the CG (year 0) and by the end of each complete year with the new clinician or equivalent in the CG (year 1, year 2 and year 3).
All data was collected from the Endocrinology-Diabetes registry and the patient's clinical records. Given this was a retrospective study and that the analysis of data was anonymous, Ethical Committee approval was not considered required. Nevertheless all the procedures were done according to the rules provided by the instituitions Ethical Comitee and to the Declaration of Helsinki.
Statistical analysis
Results for continuous variables are presented as mean and standard deviation in case of an approximately normal distribution or median and first (Q1) and third (Q3) quartiles if otherwise. In order to compare mean values between SG and CG we used the independent sample t-test, after confirming continuous variables as approximately following a normal distribution. To compare in each group the yearly evaluation with the baseline evaluation we used the paired sample t-test in the case of an approximately normal distribution and more than 30 patients considered or the Wilcoxon signed-rank test if otherwise. We considered statistically significant results if p -value was < 0.05. IBM SPSS Statistics v.25 was the utilised software.
RESULTS

Baseline patient characteristics (Table 1)
A total of 100 patients were included -50 in the CG and 50 in the SG. In the CG, there were 50 patients who had recorded follow-up in year 1; 38 had recorded year 1 and 2 and 27 had year 1, 2 and 3. In the SG, 50 patients had recorded follow-up in year 1; 33 had recorded year 1 and 2 and 18 had year 1, 2 and 3.
There was a non-significant difference in the percentage of male patients between both groups (54% in the SG vs 36% in the CG, p = 0.070). The mean age (67.2 years in the CG vs 69.2 in the SG, p = 0.352) and diabetes duration (21.6 years in the CG vs 20.2 in the SG) did not significantly differ between the two groups. Regarding diabetic complications, there was a higher incidence of microvascular (78% vs 50%, p = 0.004) complications in the CG. No statistically significant differences were found between groups regarding the incidence of macrovascular complications between CG and SG (42% vs 36%, p = 0.539). Lack of therapeutic compliance was mentioned in 14% of patients in the CG and 18% of the SG (p = 0.585).
Studied variables
Applying a paired sample t-test/ Wilcoxon signed-rank test, comparing the various follow-up years with the baseline year (year 0) we obtained the following results:
• HbA1c (%): No statistically significant difference was found in the CG after comparing year 0 with year 1 (7.6 vs 7.5, p = 0.479), year 2 (7.5 vs 7.3, p = 0.341) or year 3 (7.5 vs 7.4, p = 0.522). In the SG, there was a statistically significant reduction in mean HbA1c levels when comparing year 0 with year 1 (7.5 vs 7.0, p = 0.028) and year 2 (7.6 vs 7.2, p = 0.017), but not year 3 (7.3 vs 6.8, p = 0.127). The percentage of patients with HbA1c < 7% increased in every follow-up year in the CG (year 0 = 38%; year 1 year 2 = 60%; year 3 = 86%).
Considering only patients whose HbA1c was > 7% at the year 0 evaluation, HbA1c difference was greater in the SG (n = 28 vs n = 31 in the CG) comparing year 0 with each subsequent year: year 1 -8.4 vs 7.2, p < 0.001; year 2 -8.2 vs 7.5, p = 0.001 and year 3 -8.2 vs 6.8, p = 0.005. When comparing patients who changed physician and who had therapeutic non-compliance registered (9 patients) with those who did not (41 patients): the former did not show statistically significant improvements in HbA1c (8.3 vs 7.4, p = 0.155) while the latter improved their HbA1c with statistical significance (7.3 vs 6.9, p = 0.011) -comparing Year 0 with the last recorded year.
• cLDL (mg/dL): In the CG, we only observed statistically significant improvements when comparing year 0 and year 3 (89.7 vs 79.0, p = 0.018), while changes in the other years did not reach significance: year 1 (85.8 vs 85.2, p = 0.871) and year 2 (88.1 vs 79.1, p = 0.100). In the SG, we did not observe any statistically significant reduction when comparing year 0 with year 1 (85.8 vs 79.1, p = 0.062), year 2 (87.1 vs 77.8, p = 0.083) or year 3 (83.5 vs 81.9, p = 0.728).
• BMI (kg/m 2 ): We found minimal and statistically non-significant reductions in BMI in the CG when comparing year 0 with each follow-up year: year 1 -32.6 vs 32.4, p = 0.305; year 2 -32.5 vs 32.2, p = 0.431; year 3 -32.3 vs 32.3, p = 0.957. In the SG we found a statistically significant decrease in BMI during follow-up when comparing year 2 with year 0 (29.2 vs 30.0, p = 0.022) but not year 1 (29.6 vs 29.8, p = 0.164) or year 3 (28.9 vs 29.9, p = 0.147) with year 0.
• 
Characteristics in the last recorded year
In the last evaluated year, when compared with the baseline (year 0), we noticed an increase in the percentage of patients receiving insulin therapy in the SG (54% vs 66%, p < 0.01), although no significant differences were found regarding the median insulin total daily dose (16 units in both instances). In the CG the percentage of patients on insulin therapy remained the same (64% of patients) as well as the mean insulin total daily dose (18.0 vs 22.5 units, p = 0.929). The mean number of different daily antidiabetic, antihypertensive and antidyslipidemic drugs remained similar in the SG and the CG [1.8 vs 1.9 (p = 0.851), 2.3 vs 2.7 (p = 0.182) and 1.0 vs 0.9 (p = 0.634), respectively]. The only evaluated clinical/biochemical variable that demonstrated a statistically significant difference between groups was BMI, which was lower in the SG -32.6 vs 29.0, p = 0.006. In the CG 12% of patients abandoned follow-up at some point, whereas in the SG only 8% was lost to follow-up. Only one death was recorded -one patient included in the CG.
DISCUSSION
A sustained patient-physician connection with the development of an interpersonal trust relationship is thought to be important for the optimal management of patients with chronic diseases and this is one justification for the persistence of continuity of care models. Various studies have investigated the benefits of continuity of care (mostly in the primary care setting) in T2D patients but results have been mixed. 6, 10, 11 It's not clear whether a regular site of medical care may provide the same benefits as having a regular physician. 11, 18 To the best of our knowledge there is no published data on the effects of transitioning from one regular diabetes main care provider to another in the same continuity of care setting.
Our study aimed to clarify the short/medium term effects on the control of T2D associated with the transition from one regular diabetes care provider to a new one in a tertiary care setting. As such we randomly selected a sample of T2D patients followed at the Endocrinology-Diabetes outpatient clinic of a Portuguese central hospital between 2011 and 2014 who subsequently either changed their personal diabetes physician -SG -or maintained the same provider for more than 5 years -CG.
Patients who changed their diabetes care provider showed improvements in their mean HbA1c levels in the first two completed years of follow-up with the new physician -0.4% -0.5% of HbA1c -and this result was even better when considering only patients with HbA1c > 7% in the baseline evaluation (decrease of mean HbA1c of 0.5% -1.4% which reached statistical significance in year 1, 2 and 3). In fact, in the SG, mean HbA1c concentration was below 7% by the end of the last evaluated yearyear 3. In contrast, patients in the CG did not experience a statistically significant reduction of their mean HbA1c. The percentage of patients who intensified antihyperglycemic therapy with insulin increased throughout the follow-up period in the SG but not in the CG and this is one possible explanation for this difference. Treatment inertia, defined as the failure to change or up titrate treatment when a disease is uncontrolled, has been documented in multiple settings as a cause for underachieved glycemic targets in T2D. 19 Although it can be argued that HbA1c targets should be individualized and that hypoglycemic events were not accounted, it is interesting to notice that in fact a greater proportion of patients achieved HbA1c levels of less than 7% in the SG and this could further raise the suspicion of some treatment inertia in the CG. One could also speculate that perhaps after medium/long term follow-up with a single care provider, changing to a new one could introduce some newfound motivation and therapeutic approaches which could ultimately help the patient further achieve an optimal metabolic control. Better assessment of patient satisfaction, motivation and therapeutic adherence scores would be interesting to clarify this matter. In fact, there was a difference in the HbA1c change between patients who changed physician and had therapeutic non-compliance registered and those who did not -the former did not improve their HbA1c significantly while the latter showed statistical significant improvement (decreased by 0.4%) when comparing year 0 and the last recorded year. Nevertheless, another factor to consider is the frequency of vascular complications which was greater in the CG and this could have contributed to a lesser intensification of the therapeutic regimen (and ultimately worse results) than in the SG.
Effects in the other studied variables (cLDL, BMI and blood pressure) were less pronounced in either group although we did not identify worsening of any of these parameters when comparing the baseline assessment with any of the yearly evaluations. One possible global explanation is that clinicians had their focus on achieving a better control of the glycemic profile rather than improving other cardiovascular risk factors. However, this hypothesis lacks investigation. Blood pressure measurements are highly dynamic and subject to various interfering factors in everyday practice and so the individual evaluations performed in each of the considered clinical consultations are difficult to interpret correctly. Nevertheless, patients in either group remained with mean levels close to the goals proposed in the 2018 Standards of Medical Care by the American Diabetes Association (ADA) for most patients with T2D (systolic blood pressure < 140 and diastolic blood pressure < 90 mmHg). 3 LDL cholesterol concentration is one of the treatment targets in T2D management, especially with established atherosclerotic cardiovascular disease, with a recently proposed European Society of Cardiology and European Atherosclerosis Society target of cLDL < 70 mg/dL, although objectives have varied throughout the years. 15 We did not find any statistically significant changes in mean cLDL levels throughout follow-up in the SG. The fact that treatment goals should be tailored taking into account other cardiovascular risk factors and that a minority of patients had macrovascular complications, could possibly mean that indeed these patients were well controlled throughout the analysed follow-up period and so there was no need to optimize treatment. Interestingly, the only significant improvement was observed when comparing year 0 and year 3 in the CG and we could speculate if this could perhaps be a sign of the growing availability of more effective lipid-lowering drugs.
Regarding BMI, we found a statistically significant change (a 0.8 Kg/m 2 decrease in its mean value) when comparing year 0 and year 2 in the SG, but not in the CG or in any other yearly comparison. This data does not seem conclusive, but one could speculate, however, whether dietary and lifestyle modifications were perhaps more meaningfully achieved, even if only for a period of time, in the group of patients that were allocated a different physician given how the mean daily insulin dose and number of antidiabetic drugs remained the same. This hypothesis is something that should be further investigated.
We acknowledge some problems with our methodology. First, the sample size, especially the number of patients with evaluations in year 2 and year 3 after the baseline evaluation, was rather small. Second, we only evaluated patients, at most, 3 years after the baseline and this could be a relatively small period to fully conclude about the effects of the change in provider or how long there is some difference. Third, in the CG we included patients followed by one of three physicians (selected due to having complete recorded data), while in the SG patients transitioned from one of four to one of five new physicians and neither of these were those included in the CG. It can be hypothesized that perhaps with different providers, different results would have been obtained and that the real difference lies in the chosen physicians rather than the change by itself, however this issue remains difficult to address with this study design. It should also be said that while most of available studies on continuity of care were performed in primary care setting, ours was done in tertiary care and so our results should not be extrapolated to these other sites of care. Finally, we did not register cardiovascular events that occurred during the evaluated period and this is one of the most important outcomes to measure in T2D patients rather than only addressing risk factors.
CONCLUSION
Despite our methodological issues, our study suggests that, in a tertiary care setting, transitioning from a long-term diabetes care provider to a new one does not seem harmful on a short-medium term basis, regarding T2D disease control. Furthermore, an improvement in glycemic control was observed in patients (particularly those with a sub-optimal glycemic control) who changed their provider, although this is something that should merit further investigation to confirm and clarify which factors are contributing. The establishment of a long-term physician-patient relationship seems important in the case of chronic diseases. Our study seems to argue that perhaps some therapeutic inertia can grow with the duration of follow-up and that maybe the change in physician can introduce new motivation or therapeutic strategies that can ultimately have a positive impact in disease control. While our results raise an interesting hypothesis, for now it seems that evidence is still too scarce to suggest changing regular care provider in case of sub-optimally controlled T2D patients.
PROTECTION OF HUMANS AND ANIMALS AND DATA CONFIDENTIALITY
The authors declare that all the procedures of this study were done according to the rules provided by the Ethical Comitee ("Comissão de Investigação Clínica e Ética") of our institution and to the Declaration of Helsinki.
DATA CONFIDENTIALITY
The confidentiality and privacy of the data were guaranteed according to the Declaration of Helsinki regarding patients' data publication.
CONFLICTS OF INTEREST
The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript
FUNDING SOURCES
This study received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.
